I. INTRODUCTION
The recent discovery of a scalar resonance at the LHC, with a mass of about 125 GeV and properties resembling that of the Higgs boson of the Standard Model (SM) [1, 2] , has revived interest in particle physics models in which a SM-like Higgs boson arises in a natural way. The Minimal Supersymmetric extension of the SM (MSSM) is an example of such a model [3] [4] [5] [6] . The Higgs sector of the MSSM consists of two Higgs doublets with tree-level quartic couplings which are related to the squares of the weak gauge couplings. The treelevel Higgs boson mass spectrum consists of two neutral CP-even Higgs scalars, h and H (with m h ≤ m H ), a CP-odd scalar, A, and a charged Higgs pair, H ± . The quartic scalar couplings receive quantum corrections whose leading contributions are proportional to the fourth power of the top-quark Yukawa coupling [7] . For top squark masses below a few TeV, an upper bound on the lightest CP-even Higgs boson mass of about 135 GeV is obtained [8] .
1
The observed Higgs boson mass is comfortably below this predicted upper bound.
For large values of the supersymmetric particle masses, the properties of h are determined by m A and the third generation supersymmetric spectrum that governs the size of the quantum corrections to the quartic couplings. When m A ≫ m h , one finds that m H ∼ m A ∼ m H ± , with corresponding squared-mass differences of O(m 2 Z ). Hence, all non-standard Higgs bosons are heavy and decouple from the low-energy effective theory at the weak scale, which then naturally consists of the light CP-even Higgs boson, h, with SM-like couplings, as suggested by current measurements. This is the well known decoupling limit of the MSSM Higgs sector.
In contrast, for values of m A ∼ O(m h ), the coupling of h to bottom-quark pairs tends to be enhanced with respect to the SM value. Since the coupling to bottom-quarks controls the width of the Higgs boson, such an enhancement leads to an increase of the Higgs width and therefore a reduction of the branching ratios of the Higgs decay into neutral and charged gauge bosons. Such a reduction can become significant for values of m A below 300 GeV.
Hence, precision studies of the lightest CP-even Higgs boson properties can lead to significant 1 The same upper bound is obtained in the presence of explicit CP-violating phases in the supersymmetry breaking mass parameters, which affect the Higgs sector via radiative corrections. In this paper, we will simplify our analysis by neglecting these CP-violating phases, in which case the neutral Higgs bosons of the MSSM are CP eigenstates [9] .
constraints on the allowed parameter space of the theory. The large increase of the Higgs boson width may be avoided if the properties of h are SM-like, which can occur either via the decoupling limit [10] [11] [12] or the so-called alignment limit [11] [12] [13] [14] .
The alignment limit arises when one of the CP-even Higgs bosons, when expressed as a linear combination of the real parts of the two neutral Higgs fields, lies in the same direction in the two Higgs doublet field space as the two neutral Higgs vacuum expectation values.
This alignment does not in general depend on the masses of the non-standard Higgs bosons.
In the MSSM the alignment limit arises due to an accidental cancellation, i.e. not due to any of the usual symmetries of the MSSM, between tree-level and loop-corrected effects resulting from new structures in the potential that are absent at tree-level [14] . However, this cancellation occurs quite generically for some value of the ratio of neutral Higgs vacuum expectation values, tan β, which depends critically on µ, the supersymmetric Higgs mass in the potential, and A t , the stop mixing parameter. In particular, alignment at lower values of tan β typically requires µ and A t to be larger than the characteristic mass scale for the top squarks [14, 15] , leading to important phenomenological constraints in the MSSM. In this paper we shall discuss the complementarity of precision studies of the lightest CP-even Higgs boson and the search for heavier neutral Higgs bosons in the τ + τ − channel.
In particular, since we assume the lightest CP-even Higgs is the one discovered at around 125 GeV, we will design our benchmarks in such a way that the correct mass is obtained for h over the entire m A -tan β plane, in contrast to previously established benchmarks. This is an especially important point when considering properties of h where its mass plays an essential role. The lightest CP-even Higgs mass is also relevant in the determination of the decay branching fractions of H and A, since the decay modes H → hh and A → hZ become important at low values of tan β and their rates depend crucially on m h . Since the Higgs couplings to gauge bosons are more accurately measured, we first focus on these. The tree-level coupling of h to V V (where V V = W + W − or ZZ), normalized to the corresponding SM coupling, is given by
Thus, if the hV V coupling is SM-like, it follows that
where c β−α ≡ cos(β − α) and s β−α ≡ sin(β − α). [19] . Consequently, the parameters α and β are not physical, although the quantity (β−α) is physical (modulo π)
since it is related to an observable coupling. To derive an explicit formula for c β−α , it is convenient to define the so-called Higgs basis of scalar doublet fields [20, 21] ,
so that H π. Actually, it is somewhat more convenient to adopt a different sign convention in which s β−α is non-negative and the sign of c β−α is fixed by Z 6 , since in this convention the sign of the hV V coupling is the same as in the SM [cf. Eq. (20) ].
In particular, if we assume that 0 ≤ β − α ≤ π, then we can use Eqs. (28) and (29) rewrite c β−α in the more useful form,
Tree-level unitarity (or perturbativity) constraints yield upper limits on the quartic scalar coupling parameters that are roughly of the form λ i /(4π) < ∼ 1, with similar limits applying to Z 1 and Z 6 . In light of these constraints, there are two ways to achieve |c β−α | ≪ 1, corresponding to alignment and hence to a SM-like h.
This is the well-known decoupling limit [10] , in which alignment is achieved when m H , m A ,
Integrating out the heavy scalars yields an effective theory with one CP-even scalar, h, with SM couplings.
In contrast, suppose that |Z 6 | ≪ 1. This is the only case that can result in exact alignment (corresponding to Z 6 = 0), and we will henceforth refer to this case as the alignment limit, which exists independently of the decoupling limit. Indeed, Eqs. (28) and (30) imply that
in which case h is SM-like. 3 Note that the alignment limit can be achieved even in a case
To make contact with the results of Ref. [14] , one can compute c β−α = (c β c α + s β s α ) using Eqs. (14) and (18) . Additional simplification can be implemented by noting that 
Eliminating m 2 h from Eqs. (34) and (35),
Using Eqs. (6)- (10) In the 2HDM, the exact alignment limit of Z 6 = 0 can be achieved in four possible ways: [23] . In general these two symmetries will not be respected by the Higgs-fermion Yukawa interactions [25] .
Custodial symmetric scalar potentials provide examples of case (iii). Indeed, custodial symmetries [26] are broken by the hypercharge gauge interactions as well as by the Higgsfermion Yukawa interactions. The maximally symmetric 2HDM of Ref. [24] with an SO (5) global symmetry, which yields Eq. (37) with λ 4 = λ 5 = 0, provides an example of this case.
In particular, Ref. [24] has stressed the role of the symmetries that lead to Eq. (37), which yields exact alignment at tree-level. Deviations from alignment are generated due to loop effects, since these are not exact symmetries of the full theory.
Finally, as we shall see in the next subsection, Eq. (37) 
where 
B. The MSSM Higgs Sector
The Higgs sector of the MSSM is a 2HDM whose dimension-four couplings are constrained by supersymmetry. In particular, at tree-level,
These results yield the well-known formulae for the tree-level MSSM CP-even Higgs masses.
At tree-level, (m
, which is not consistent with experimental data. However, radiative corrections can have large contributions to the tree-level Higgs mass, and regions of MSSM parameter space can be found where m h ≃ 125 GeV, as required by the data.
The mixing angle, which governs the Higgs couplings, is easily written down using the Higgs basis. Using Eqs. (24) and (26),
Inserting the above results into Eq. (30) yields the tree-level result,
In the decoupling limit, one recovers Eq. (31) as expected. In addition, radiative corrections that are required to yield a phenomenologically acceptable value of m h , do not significantly modify the decoupling behavior exhibited above. In contrast, alignment cannot be achieved without decoupling at tree-level (except at the endpoints where either s β = 0 or c β = 0, for which no tree-level mass is obtained for the up-type and down-type quarks, respectively, and at the midpoint t β = 1, which leads to a vanishing lightest CP-even Higgs mass at tree-level.
None of these scenarios are experimentally viable.). We shall see in the next subsection that including radiative corrections, alignment independent of decoupling can be achieved in the MSSM at values of β away from the endpoints, resulting in important phenomenological consequences.
Supersymmetry also imposes constraints on the Higgs-fermion interactions. In the supersymmetric literature, it is common to define:
In terms of H U and H D , the Yukawa couplings given in Eq. (38) must be holomorphic, which
This yields the so-called Type-II Higgs-quark couplings,
where we have resorted to the more common notation h b = Y 
4 Note that β has been promoted to a physical parameter, since the tree-level coupling relations given in Eqs. (40)- (42) are a consequence of supersymmetry, which establishes a preferred basis choice for the scalar Higgs fields. 5 As in the previous subsection, we neglect the full generation structure of the Yukawa couplings and focus on the couplings of the Higgs bosons to the third generation quarks.
The corresponding tree-level Yukawa couplings of the lightest CP-even Higgs boson to downtype and up-type quark pairs are given by
Eqs. (48) and (49) exhibit the expected behavior in the decoupling/alignment limits. That is, when c β−α = 0, we recover the SM result, g hff = m f /v. However, note that in the absence of exact alignment, the deviation from SM couplings of the down-type Yukawa coupling, is t β enhanced. Therefore, it is not enough to demand |c β−α | ≪ 1. Rather, proper SM-like behavior of the coupling of h to down-type quarks is recovered if
This phenomenon has been called delayed decoupling in Refs. [10, 15, 27, 28] .
In the MSSM, the coupling of the Higgs bosons to squarks and sleptons are governed by both supersymmetry-conserving and supersymmetry-breaking parameters. The relevant couplings can be found in Ref. [4] . For later use, we shall focus here on the couplings of H U and H D to the third generation squarks that are proportional to the Higgs-top quark
Yukawa coupling, h t . The corresponding terms in the interaction Lagrangian are
with an implicit sum over the weak SU(2) indices i, j = 1, 2, where in the notation of Ref. [4] ,
and in general the supersymmetric Higgsino mass parameter, µ, and the supersymmetrybreaking parameter, A t , are complex.
It is convenient to rewrite Eq. (50) in terms of the Higgs basis fields. Using Eqs. (22) and (45), it follows that
where
Note that the terms proportional to X t in Eq. (52) After integrating out the squarks, the supersymmetric relations that govern the scalar potential parameters [given in Eqs. (40)- (42)] are modified. At one loop, the leading logarithmic corrections, which only appear for λ 1 . . . , λ 4 , can be found in Ref. [18] . In addition, threshold corrections proportional to the MSSM parameters, A t , A b and µ, can also contribute significant corrections to all the scalar potential parameters, λ 1 . . . , λ 7 . The relevant expressions are rather lengthy. To get a sense of the corrections, we note that the largest contributions are proportional to the fourth power of the top-quark Yukawa coupling, h t .
Using the results given in Ref. [18] (the corresponding leading two-loop corrections to the quartic couplings can be found in Ref. [29] ), we obtain the following expressions for Z 1 ,
Eqs. (24)- (26)] in the limit of m Z , m A ≪ M S , which include all one-loop radiative corrections proportional to h 4 t , Fig. 1 and deleting graphs (e) and (f), which are now identical to graphs (c) and (d), we can understand the parametric dependence of the threshold corrections to
It is instructive to obtain an approximate one-loop formula for c β−α , keeping only the leading O(h 4 t ) corrections. We can also simplify the result by considering the large t β limit. Indeed, the resulting expressions will provide good approximations for t β > ∼ 5 (a region of considerable interest in our analysis). In the large t β limit, we may approximate s β ≃ 1 and c 2β ≃ −1. Moreover, in this approximation the radiatively corrected value of the squaredmass of the light CP-even Higgs boson at one-loop is
where we have used Eq. (47) 
One-loop diagrams contributing to the the coefficient, Z 6 , of the Higgs basis operator, At large t β we have
, in which case, Eq. (58) can be rewritten in the following approximate form,
The significance of the product t β c β−α has already been noted below Eq. (49) . Namely, the condition that guarantees that the coupling of h to down-type quarks and leptons is close to its SM value is t β |c β−α | ≪ 1. In contrast, all other h couplings approach their SM values for |c β−α | ≪ 1, independently of the value of t β .
The Higgs-fermion Yukawa couplings are also modified below the scale M S . Having integrated out the squarks, the low-energy effective Yukawa couplings are no longer of Type-II (which had been previously enforced by supersymmetry). The Yukawa couplings below the scale M S have the form given in Eq. (38),
where δh t,b and ∆h t,b represent one-loop corrections from squark/gaugino loops. Eq. (60) yields a modification of the tree-level relations between h t , h b and m t , m b as follows [30] :
which define the quantities ∆ b and ∆ t . 6 Diagonalizing the CP-even Higgs squared-mass matrix, Eqs. (60)- (62) then yield the physical couplings of h to the up-type and down-type quarks. After resummation of the dominant corrections [5, 31, 32] , the resulting expressions can be written in the following forms:
Note that the radiative corrections to the couplings of h to the up-type and down-type quarks vanish in the limit of exact alignment where c β−α = 0. However, the phenomenon of delayed decoupling at large t β , discussed below Eq. (49), persists. That is, at large values of t β , the hbb coupling approaches the corresponding SM value in the limit of t β |c β−α | ≪ 1.
C. Alignment Independent of Decoupling in the MSSM Higgs Sector
In the previous section, we noted that alignment independent of decoupling is not possible for the tree-level MSSM Higgs sector, since Z 6 v 2 = −m 2 Z s 2β c 2β = 0, except at phenomenologically unacceptable values of β. Once radiative corrections are included, alignment independent of decoupling can occur quite generically, due to the appearance of a branch of solutions that are absent at tree level [14] .
To exhibit explicitly the cancellation that yields alignment, we make use of the fact that exact alignment is attained when Z 6 = 0. Assuming that s 2β = 0, it then follows from Eq. (56) that exact alignment at one-loop order is achieved when β . We can then easily solve for t β , 
where λ 345 ≡ (λ 3 + λ 4 + λ 5 ). For t β ≫ 1, we can approximate c β ∼ t −1 β ≃ 0 and s β ≃ 1. We then obtain Eq. (103) of Ref. [14] ,
The value of t β at which alignment takes place is inversely proportional to λ 7 , which vanishes in the MSSM at tree-level and arises only radiatively. 8 As can be seen from Eq. (69), alignment at smaller t β requires a larger λ 7 , unless there is a tuning between λ 2 and λ 345 in the numerator. In the end, it was found in Ref. [14] , that for generic choices of parameters in the MSSM, alignment independent of decoupling typically occurs at some value of t β 10, the bounds on the non-standard Higgs masses, we choose benchmark scenarios close to the ones proposed in Ref. [34] , which are used by the LHC experimental collaborations in their analyses of searches for non-standard Higgs bosons (see, for example, Refs. [35, 36] ).
Specifically, in Table I [14] . Although these benchmarks are inspired by those proposed in Ref. [34] , the fact that we allow the µ parameter and the overall soft scale, m Q , to vary allows us to obtain the correct mass for the lightest CP-even Higgs boson at small t β 6, and to study the impact of alignment at different values of t β . Both have a crucial impact on the properties of the lightest CP-even Higgs boson and on the decays of the heavy CP-even and CP-odd Higgs bosons. Observe also that we fix the value of A t instead of X t , as was done in Ref. [34] and we have therefore adapted the notation from that reference. All of our numerical results are obtained from FeynHiggs [37] , which allows for a computation of all the relevant production cross sections and branching ratios.
Before discussing the details of the Higgs phenomenology, recall the approximate analytical expressions given in the previous section governing the behavior of the various couplings, for example, c β−α obtained in Eq. (59). In our benchmark scenarios, m Q denotes the common squark/slepton mass, hence one can identify M S = m Q . It should be noted that Eq. (59) does not include two-loop corrections, which can be significant. These two loop corrections approximately preserve the parametric dependence of our analytic expressions on A t /m Q in the MS and DR schemes. This is not true in the on-shell scheme, which is employed in larger than the ones in the on-shell scheme [8] .
A. Getting the Correct m h Everywhere
In scenarios defined previously in Ref. [34] , stop masses are fixed at the order of 1 TeV, which fails to reproduce the proper lightest CP-even Higgs mass, m h ≃ 125 GeV, at values of t β ≤ 6 (the precise value of t β at which this occurs depends on the specific scenario). In our benchmarks we vary the overall stop mass scale, m Q , so that the lightest CP-even Higgs mass is in the experimentally observed range within theoretical uncertainties, which we take to be of the order of 3 GeV, m h = 125 ± 3 GeV. More specifically, for a given value of t β , 
B. Decay Branching Ratios of Heavy Higgs Bosons
In Fig. 3 we show the variation in the decay branching ratios of the heavy neutral Higgs It is worth noting that although the hZ channel becomes significant when the kinematics allow, for the same masses of the heavy Higgs bosons, BR(A → hZ) is always significantly lower than BR(H → hh). These differences between the CP-even and CP-odd Higgs bosons have important phenomenological consequences that will be discussed below.
C. Inclusive Production Rates of Heavy Higgs Bosons in the τ
At the LHC we only measure the total rate, i.e. the production cross-section times the branching fraction into some specific final state. In particular, the strongest constraints in the MSSM on the m A −t β plane are derived using searches in the τ + τ − final states, which we focus on in this subsection. The main production modes for the heavy neutral Higgs bosons, due to a decrease of the corresponding branching ratio, compensating for the increase in the gluon fusion production cross-section. The same happens for the CP-odd Higgs boson at low values of µ.
The reach of the LHC in this channel at low values of t β and m A = 300 GeV becomes very different as one varies the µ parameter. For high values of µ, the total production rate into τ + τ − reaches a minimum at t β ≃ 6 and then increases for lower values of t β , as shown in the right panel of Fig. 6 . This is due to the CP-odd Higgs contribution as discussed above and shown in the left panel Fig. 6 . However, at low values of µ, the inclusive production rate into τ + τ − keeps decreasing for decreasing values of t β , as also shown in the right panel of Fig. 6 . The horizontal dashed line in the right panel of Fig. 6 denotes an upper bound on the inclusive τ + τ − production rate extracted from the CMS analysis in Ref. [35] (the derivation and validity of this extracted limit is detailed in App. A). The value of t β where the horizontal dashed line meets the predicted cross-section, denotes the largest value of t β consistent with experimental observation. Values of t β above this should be considered ruled out because the inclusive production rate would be larger than the extracted upper bound.
As more data is collected in Run II of the LHC, the bound on the τ + τ − channel will become stronger and therefore the horizontal dashed line will be pushed towards smaller values if no scalar resonances are seen. If for a particular value of the mass of the heavy CP-even and CP-odd Higgs bosons the limit were pushed below the minimum of the inclusive τ + τ − production rate in the large µ case, that particular value of the Higgs boson mass would be excluded by the data for all values t β . This is not possible for the low µ scenarios, for which no minimum of the production cross section is present. In this particular example at t β = 4, BR(H → τ + τ − ) is of order 6% for high values of µ and is reduced to about 3% for low values of µ. Hence, in this case the largest τ + τ − production contribution comes from the CP-odd Higgs boson.
D. Rescaling Current LHC limits
We use the procedure discussed in App. A to convert the m A -t β limits presented by the experimental collaborations for a specific scenario, into limits on the inclusive production rate into τ + τ − for a given value of m A . We then demand that any other scenario we are considering leads to an inclusive production rate which is smaller than this extracted limit.
In this way, we are able to obtain a simple rescaling algorithm for the values of t β excluded in any given scenario. The outcome of such a procedure is presented in Fig. 7 , which shows the exclusion limits on the m A -t β plane in our m alt h scenario for two different choices of the µ parameter. As stressed in the last section, an important distinction in going from small to large values of µ is that the Higgsinos become heavy and therefore the decays of the heavy Higgs bosons into neutralino and/or chargino pairs are suppressed, resulting in a larger branching fraction into τ + τ − channels. It is clear that, due to the increase in the τ + τ − production rate for larger values of µ (see Fig. 6 ), the exclusion limit may be extended to smaller values of t β .
As previously noted, the existence of a minimum in the inclusive production rate for the τ + τ − channel as a function of t β for large values of µ (cf. Fig. 6 ), means that if this minimum falls below the experimental upper bound in the future, one would exclude all t β for a particular value of m A in the scenario under consideration. Indeed, in Ref. [41] it was shown that for heavy supersymmetric particles, the LHC has the capability of probing the wedge region by means of the H, A → τ + τ − channel in the 14 TeV run. However, since this minimum does not exist for the low µ scenarios, even at 14 TeV, it is unlikely that the LHC would be able to completely probe the low m A -t β region for these cases.
In Fig. 8 we show the projected limits in the m Fig. 8 represents the current bound from the LHC8 in Ref. [35] .
Note that in this article we have assumed that all squark masses are of the order of the stop masses, and hence the next-to-lightest neutralinos and the lightest charginos would mostly decay into the lightest neutralino and Z, h and W ± , respectively. Under these conditions, the values of µ, M 2 and M 1 associated with the low µ scenario here are at the edge of the current region of parameters probed by the ATLAS and CMS experiments [42, 43] . Since the heavier Higgs bosons decay prominently into these particles, it would be interesting to perform a search for these Higgs bosons decaying into charginos and neutralinos. These will lead to final states already present in the decays of the heavier Higgs bosons into SM particles, namely hh, V V and Zh, that are being studied at present (see, e.g., Refs. [44, 45] ), but will be characterized by large amounts of missing energy.
IV. PRECISION h MEASUREMENTS VERSUS H AND A DIRECT SEARCHES.
After analyzing the direct search constraints in the two classes of benchmarks with a varying µ parameter, we now study the interplay between direct searches and measurements It is worth emphasizing again that in order to study the complementarity between precision measurements and direct searches, it is important to obtain the correct mass for the lightest CP-even Higgs boson, which has a major impact on the properties of the 125 GeV Higgs boson and on the decays of the heavy Higgs bosons. As we showed in Section III A, in the region of interests where both t β and m A are small, the value of m Q should be raised to values larger than 1 TeV in order to obtain the proper lightest CP-even Higgs mass values.
Under the assumption of |c β−α | ≪ 1, it follows from the results of Section II that
whereas Fig. 9 (a) the bound on m A would be larger than the corresponding one using CMS data, for which the signal strength is 1.0 ± 0.2.
As the value of µ is increased we see two effects. On one hand, the contours of constant h-induced V V production cross section are drastically modified in the m alt h scenario, due to a relevant dependence on t β of the bottom quark and tau lepton Yukawa couplings scenario, becoming almost independent of m A at values of t β close to the alignment limit. Therefore, for t β close to the value where the alignment condition is satisfied, precision measurements alone are not able to place any bound on m A . The smallest value of t β where the alignment condition is satisfied takes place for the largest value of µ = 3m Q considered, shown in Fig. 9 (d) .
12 Indeed it is difficult to obtain smaller values of t β at alignment in the MSSM without taking extreme values of the MSSM parameters. Large values of A t /m Q and µ/m Q can lead to charge and color breaking vacua which would bring the stability of the electroweak vacuum into question [46] .
The complementarity of the precision h(125) data with direct searches for non-standard In summary, at low values of µ, precision measurements of the lightest CP-even Higgs bosons are able to probe low values of m A , independently of t β . In contrast, in the presence of alignment which occurs for large values of µ, precision measurement studies alone will not be able to put a model independent bound on m A . However, in this case direct searches for non-standard Higgs bosons will be able to probe all values of t β for values of m A below the top-quark decay threshold in the near future. 12 In Fig. 9 (d) , we have suppressed additional dashed red contour lines that reappear in the m alt h scenario with µ = 3m Q in the large t β , low m A parameter regime. In this regime, the magnitude of the hbb coupling is once again SM-like, but its sign is flipped relative to that of the hV V coupling. This wrong-sign hbb coupling regime, discussed in detail in Ref. [28] , cannot be ruled out by the present h(125) data alone, but is completely incompatible with the limits on the H and A direct searches via the τ + τ − channel.
V. CONCLUSIONS
In In Ref. [35] where CMS presented bounds on the heavy Higgs bosons in the MSSM, the limits were derived in particular benchmarks that differ from the two classes of scenarios we are considering in this work. As such, these limits cannot be applied in a straightforward manner. However, Ref. Unlike the model-independent bounds, the limits in the MSSM benchmarks in Ref. [35] are given in terms of m A and t β , instead of direct upper bounds on the τ + τ − production rates. We will specifically use the exclusions presented for the m mod+ h scenario, compare them to the limits presented in the model independent analysis and formulate an algorithm to apply these to any other MSSM model. To that end, we first derive the upper limit on the production rates in the m mod+ h scenario, with µ = 200 GeV, by computing the corresponding branching ratios and relevant cross-sections along the exclusion curve in the m A -t β plane using the package FeynHiggs [37] . For each value of m A there exists an upper limit on the allowed inclusive production rate into τ + τ − . We will refer to this upper limit as the inclusive interpretation of the heavy Higgs boson search bounds.
In Fig. 10 we show the production rates into τ + τ − resulting from the production of heavy Higgs bosons in the two relevant production channels, ggφ and bbφ, as a function of t β . The production rates in the m scenario, with µ = 200 GeV, the rates due to both production cross sections decrease with t β , the rate originating from the production via gluon fusion reaches a minimum in the m alt h scenario, increasing at low values of t β in agreement with our discussion in Sec. III C.
Our inclusive interpretation of the heavy Higgs boson search is denoted by dashed black lines in Fig. 10 . We also show the model-independent 95% C.L. upper bounds, provided explicitly in Ref. [35] , as black solid lines. Observe that the slopes of the solid and dashed lines are very similar, implying that the model independent bounds correspond approximately to the same inclusive production rate in both scenarios. Note the bound on t β we obtain in the m mod+ h scenario, with µ = 200 GeV, from the model-independent bounds is within one unit of the bound presented by CMS by a more sophisticated likelihood method.
The t β limit for a given m A in a different MSSM model corresponds roughly to the value where the inclusive production rate exceeds the upper limit in the m mod+ h scenario, with µ = 200 GeV. Since the sensitivity of the LHC in the gluon fusion and bbφ channels is similar, we expect this to be a good approximation. Explicitly, in Fig. 10 we show the comparison of the bound in the m alt h scenario, with µ = m Q , using the inclusive production rate at the limiting value of t β presented by CMS in the m mod h scenario, with µ = 200 GeV, compared to the limit on the value of t β that could be interpreted from the model independent bound. Again, the difference using the two methods results in a difference for the t β limit of approximately one unit.
Using our inclusive interpretation, we can scale the limits from the m Note that the contribution from stops to gluon fusion is approximately a factor of 3 larger than their contribution to the diphoton coupling [49] [50] [51] . However, the leading SM contribution has the opposite sign in this case, and hence, the gluon fusion rate is reduced from the SM expectation in the scenarios we consider, again at the few percent level.
In order to quantify these effects, in Fig. 11 (a) we show contour plots of σ× BR(h → γγ) and σ× BR(h → V V ) normalized the the SM values in the m mod+ h and m alt h scenarios for low values of µ, for which no alignment condition is present. This choice of µ maximizes the differences between these channels. As can be seen, the overall behavior of these channels is the same, although the precise value of t β for which a particular deviation with respect to the SM value takes place is shifted by a few tens of GeV for m A < 350 GeV for low values of µ. No significant difference is present for larger values of µ, as can be seen from Fig. 11 (b) .
The peculiar behavior of the contour lines at low values of t β in the m alt h scenario is induced by the variation of the gluon fusion cross section, which becomes more suppressed as the stops become heavier.
In this article, in order to study the properties of the lightest CP-even Higgs bosons we shall concentrate on the BR(h → V V ), but as shown in Fig. 11 , similar conclusions would be obtained by the study of BR(h → γγ) in this region of parameters.
